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INTRODUCTION 


most  important  pests  of  ponderosa  pine,  Pinus  nonderosa  laws.,  in 
Arizona.  Within  this  insect's  range  in  the  United  States  it  is  directly 
associated  with  almost  all  the  losses  in  ponderosa  pine  caused  by  bark 
beetles.  In  1957,  the  last  year  systematic  aerial  insect  surveys  were 
flown  throughout  Arizona,  _I . lecontei  was  associated  with  approximately 
490,000  acres  of  bark  beetle-killed  ponderosa  pine  (Yasinski  and  Pierce, 
1958).  By  1959,  the  severe  losses  of  ponderosa  pine  made  a study  of 
the  habits  of  I.  lecontei  imperative. 

Life  history  studies  were  begun  on  the  Prescott  National  Forest  in 
Arizona  with  the  eventual  aim  of  developing  a control  method.  Most  of 
the  Prescott  National  Forest  is  in  the  "fringe"  ponderosa  pine  type, 
largely  second-growth,  with  pole  stands  predominating.  Here  the 

Until  the  present  study  little  was  known  of  the  habits  of  <I. 
lecontei.  It  apparently  had  similar  habits  to  the  California  five- 
spined  engraver,  Ips  confusus  (Lee.)  which  it  resembles  morphologically 
(Char lei- lain.  1939).  Whereas  in  California  J.  confusus  is  a pest  of  ten 
species  of  pine,  particularly  ponderosa  (Struble  and  Hall,  1955),  it 
confines  its  attacks  almost  exclusively  to  pinyon,  Pinus  edulis  Cngelm. , 
in  Arizona  and  New  Mexico.  The  ecological  niche  of  I.  confusus  in 
ponderosa  pine  is  taken  over  by  l.  lecontei  in  southern  Arizona  and  by 
the  pine  engraver  Ipb  pini  Say,  in  northern  Arizona  and  New  Mexico. 


REVIEW  OP  LITERATURE 


Systematica  and  Synonymy 

Ips  lecontei  was  originally  described  by  Swaine  (1924)  from 
specimens  in  the  LeConto  collection  labelled  confnsus.  Swaine  wrote, 
"This  species  is  of  the  same  size  and  form  as  confuaus,  but  differs  by 
the  usually  finer  and  sparser  intorstrial  punctures  of  the  basal 
portion  of  the  elytzal  disc;  but  particularly  by  the  location  of  the 
first  declivital  tooth  which  is  distant  from  the  second,  the  space 
between  the  first  and  second  being  much  greater  than  that  between  the 
2nd  and  3rd,  situated  as  usual  on  the  2nd  interspace,  but  with  the  2nd 
stria  straight  and  parallel  with  the  suture,  not  divergent  behind  as  in 

"Holotype  - 9,  the  Arizona  type  of  confusus  Lee.  in  the  LeConte 
collection,  Agassiz  Museum,  Harvard  University. 

"Para types  - 2d1,  29  No.  698  in  the  Canadian  National  Collection, 
Ottawa;  1st,  Pinal  Ml's.,  Arizona;  2nd,  Prescott,  Arizona;  3rd  and  4t*h, 
Arizona." 

Schedl  (1955)  placed  _I.  lecontei  in  synonymy  with  I.  confusus.  but 
Wood  (1957)  stated  that  I.  lecontei  was  a valid  species  because  of  "the 
position  of  the  first  declivital  tooth  and  characters  of  the  male 
genitalia." 

Although  the  position  of  the  declivital  teeth  (Figure  1)  has  been 
the  major  characteristic  in  separating  I.  lecontei  from  1.  confusus. 
fine'  striae  perpendicular  to  the  gular  suture  in  both  sexes  of 


I- 


species 


I.  lecnntei  (Figure  2)  are  lacking  in  I.  con fusus  anil  the  two 
may  be  separated  on  this  feature  alone. 

Seliedl  (1960)  corrected  himself  and  agreed  with  Wood  that  I. 
lecontel  was  a valid  species  separate  from  _I.  confuses,  but  suggested 
that  1.  cribricollis  (Eichh.),  although  much  smaller,  might  be  a geo- 
graphical race  of  I.  lecontci. 

In  his  revision  of  the  genus  Ins.  Hopping  (1963)  placed  I.  lecontei 
in  "Group  IX"  of  North  American  Ips.  Group  IX  includes  the  only  five 
North  American  species  having  five  spines  on  each  side  of  the  elytral 
declivity.  Ins  confusuB.  I.  grandicollis  (Eichh.),  and  montanus 
(Eichh.)  differ  from  _I.  lecontei  by  the  placement  of  the  forementioned 
first  and  second  declivital  spines.  Ips  cribricollis  is  less  than  4 ran 
in  length  while  I.  lecontci  is  4 mm  or  longer.  The  males  of  I.  lecontei 
have  a bifid  median  tubercle  on  the  epistomal  margin,  obsolete  in  the 
female, while  both  sexes  of  I.  cribricollis  have  a median  tubercle 
separated  from  the  epistomal  margin  by  the  width  of  an  eye.  In 
addition,  _I-  cribricollis  lacks  the  fine  striae  near  the  gular  suture. 

Secondary  Sex  Characters 

Tile  sexes  of  _I.  lecontei  can  be  readily  distinguished  by  secondary 
sex  characters.  Hopping  (1965)  used  the  granulation  of  the  head  as  the 
principle  means  of  differentiation.  Besides  the  bifid  median  tubercle, 
which  the  female  lacks,  the  male  has  a large  granule  on  either  side  of 
a glabrous  area  on -the  frons  which  Is  obsolete  in  the  female.  The 
epistomal  margin  of  the  male  has  several  large  granules  flanking  the 
median  tubercle, while  the  female  has  a row  of  small  granules  on  the 
epistomal  margin.  Also, 


the  front 


long  setae  than  does  the  male's.  The  female  has  a row  of  grannies  on 
the  declivital  interspace  which  is  obsolete  in  the  male  and  the 
declivital  spines  of  the  female  are  smaller  than  those  of  the  male. 

Wood  (1961)  found  a stridulating  organ  on  the  vertex  of  the  head 
of  the  females  of  three  western  species  of  Ips  including  _I.  confusus. 
Wilkinson  (1962)  found  the  same  organ  on  the  head  of  the  females  of 
three  southeastern  Ins.  The  females  of  I.  lecontei  also  have  this 
organ,  the  pars  stridens.  on  their  heads  and  its  presence  allows  rapid 
sexing  of  live  beetles.  A beetle  that  squeaks  when  rolled  in  the 
fingers  is  a female.  Verification  can  be  made  by  squeezing  the  beetle 
until  the  head  protrudes  from  the  pronotum.  Then  the  heavily  sclero- 
tized  pars  stridens  can  he  seen  with  a 10X  hand  lens. 

Host  Trees  and  Distribution 

Ips  lecontei  has  been  collected  from  five  species  of  the  genus 
Pinus.  Pinus  ponderosa  is  apparently  the  major  host,  although  the  bark 
beetle  fauna  of  Mexican  and  Central  American  pines  have  not  been  thor- 
oughly studied.  Schedl  (1955)  lists  P.  montenzumae  Lamb,  and  P. 
oocarpa  Schiede  as  hosts  in  Guatemala.  Hopping  (1965)  mentions 
collections  from  P.  durangensis  Martinez  in  Mexico.  Fumiss  (1960) 
reared  X.  lecontei  from  branches  of  recently  killed  P.  engelmanni  Carr, 
on  the  west  slope  of  the  Chiricuhua  Mountains  in  Arizona. 

The  most  western  and  northern  collections  are  from  the  Grand 
Canyon  and  Jerome,  Arizona  (Hopping,  1965).  The  most  southern  record  is 
from  P.  oocarpa  in  western  Honduras  (Wilkinson,  1966).  Hopping  (1965) 
mentions  records  from  Cloudcroft,  New  Mexico,  the  most  easterly  record 


i.  lecontei 


Host  Selection 


The  method  by  which  attacking  bark  beetles  select  suitable  host 
trees  has  been  long  debated.  Person  (1931)  suggested  that  the  odors 
from  fermenting  inner  bark  of  suitable  host  trees  attracted  the  first 
attacking  Dendroetonus  brcvicomis  Lee.  adults.  These  beetles  introduced 


yeasts  which  in  tun 

i fermented  and  attracted  more  beetles.  Anderson  (1948) 

felt  that  pines  wen 

i attacked  at  random  by  I.  pint.  After  a tree  was 

successfully  invaded  the  attacking  beetles  themselves  became  the 
attraetant  for  other  beetles.  Finally,  the  tree  was  overcome  and  killed. 
Since  1961,  studies  on  host  resistance  to  bark  beetles  based  on  oleo- 
resin  exudation  pressure  (o.e.p.)  and  the  discovery  of  an  attractive 
pheromone  produced  by  males  of  I.  confusus  have  shed  new  light  on  the 


method  by  which  the 
attacked. 

host  trees  of  Ips  spp.  are  selected  and  successfully 

Vite  (1961)  measured  the  o.e.p.  of  ponderosa  pines  by  inserting 
hydrostatic  pressure  gauges  (Bourdon  type)  into  holes  bored  into  the 
sapwood.  He  found  that  the  pressure  varied  from  0 to  12  atmospheres'1 2' 
depending  on  the  site,  weather  conditions,  soil  moisture,  and  physio- 
logical condition  of  the  tree.  Low  soil  moisture  resulted  in  a low 


o.e.p.  in  the  trees. 

Trees  completely  defoliated  retained  some  bark 

beetle  resistance  0! 

" long  as  sufficient  connection  with  the  roots  kept 

In  a two-year  : 

field  trial,  Vite  and  Wood  (1961)  found  that  D. 

breyicomis  and  J).  ponderosae  Hopk.  (=monticolae  Hopk. ) successfully 

1.  One  atmosphere  equals  14.7  pounds  per  square  inch. 

2.  The  name  in  parenthesis  is  a synonym  used  by  the  authors.  (See 
Wbod,  1963). 


(1962a)  observed  that  1.  oonfusus  was  only  able  to  overcome  an  o.e.p.  of 
near  zero  in  ponderosa  pine.  He  found  that  cut,  unlopped  ponderosa 

Observations  on  the  correlation  between  drought  and  bark  beetle 
epidemics  have  been  published  by  Blackman  (1924),  Craighead  (1925),  and 
reviewed  by  Kudinsky  (1962) . Hall  (1956)  found  that  outbreaks  of  I. 
confusus  could  be  predicted  by  measuring  precipitation  from  April  to 
July.  However,  the  o.e.p.  studies  of  bark  beetle  host  trees  were  the 
first  physiological  demonstrations  of  the  basis  of  host  susceptibility. 

During  an  investigation  of  the  host  selection  behavior  of  Ips  spp. 
Anderson  (1948)  and  Wood  and  Vite  (1961)  found  that  the  initially 
attacking  males  created  a secondary  attraction  to  other  males  and 
females.  Vite  and  Gara  (1962)  determined  that  the  material  responsible 
for  the  mass  attacks  of  ponderosa  pine  by  I.  confusus,  I.  calligraphus 
(Germ.)  I-  ponderosae  Sw.),  and  D.  brevicomis  are  species  specific, 
efficient  over  long  distances,  and  produced  by  the  males  of  the  Ips 
species  and  the  females  of  D.  brevicomis. 

In  a laboratory  test  to  attempt  to  localize  the  source  of  male 

1.  confusus.  Wood  (1962b)  found  that  newly  emerged  males 
became  so  after  feeding  in  idle  phloem.  He  also 
found  that  the  phloem  alone  that  had  been  fed  on  by  the  male  was  attrac- 
tive after  the  male  was  removed.  Pitman  and  Vite  (1963)  found  that  the 
source  of  pheromone  is  the  hindgut  of  mature  male  I.  confusus  and  that 
the  male's  fecal  pellets  are  highly  charged  with  the  pheromone.  Later 
observations  by  Pitman  et  al.  (1965)  implicated  the  Malpighian  tubules 


as  another  source  of  pheromone  production.  Vite  et  al.  (1963)  found 


e pheromone  is  released  only  after  the  newly  emerged  males  had 


fed  for  several  hours  on  new  host  material.  Thus,  the  "pioneer1'  invad- 
ing males  must  feed  and  defecate  in  order  to  guide  the  attacking  flight 
to  suitable  host  material. 


Flight  Patterns 

The  flight  of  I.  confusus  consists  of  a dispersal  phase  and  a con- 
centration phase  (Gara  and  Vite,  1962).  The  dispersal  phase  allows  the 
adult  males  to  find  suitable  breeding  material,  while  the  concentration 
phase  leads  to  successful  colonization.  The  same  authors  found  flights 
of  I.  confusus  to  be  dependent  mainly  on  temperature  and  sources  of 
attractants.  In  addition,  they  showed  that  several  Ips  spp.  exhibited 

in  the  spring  and  4:00  to  6:00  HI  in  the  summer.  Ips  confusus  initiated 
flight  in  the  morning  at  air  temperatures  of  18  to  20C  but  tests  showed 
that  the  insects'  bodies  absorbed  enough  solar  heat  to  raise  their  body 
temperature  5 or  more  degrees  above  that  of  the  air.  Flight  was  stopped 
when  air  temperatures  rose  above  30C  (Vite  and  Gara,  1962). 

Vite  and  Gara  (1962)  collected  I.  confusus  from  olfactometer  traps 
over  SOO  meters  from  the  release  point.  More  beetles  were  collected  in 
olfactometers  placed  upwind  from  the  release  point,  although  marked 
beetles  were  also  collected  from  downwind  olfactometers.  Gara  (1963) 
found  that  <I.  confusus  males  responded  best  to  attractants  placed  with- 
in 50  meters  of  the  release  point;  females  respond  50  percent  better 
than  males  to  attractants  placed  near  the  ground  between  50  to  500 
meters  from  the  release  point.  Wilkinson  (1964)  demonstrated  that 
_I.  calligraphus  and  I.  grandicollis  were  attracted  to  male-infested 


above  ground. 


Vite  et  al.  (1964)  tested  the  flight  pattern  of  three  southeastern 
Ips.  Ips  avulsus  flew  in  the  morning  and  afternoon.  Ips  grandicollis 
restricted  flight  to  a one-hour  period  between  6:00  and  8:00  PM,  while 
I.  calliaraphus  showed  a slight  peak  of  flight  activity  in  the  morning 
and  afternoon.  Wilkinson  (1964)  found  a similar  flight  activity 
pattern  fbr_l.  calliaraplms  in  Florida. 

The  flight  patterns  were  determined  for  several  ambrosia  beetles  by 
Chapman  and  Kinghom  (1958)  using  window  traps. 

Cultural,  Biological,  and  Chemical  Control 

There  have  been  comparatively  few  data  published  on  the  cultural 
and  biological  aspects  of  Ips  control.  Keen  (1956)  listed  five  factors 
generally  influencing  the  build-up  of  bark  beetle  populations  and 
applicable  to  Ips: 

1)  Availability  of  bark  beetles. 

2)  Vigor  of  the  bark  beetle  species  and  strains. 

3)  Natural  control  factors. 

4)  Weather  and  environmental  conditions. 

5)  Abundance  of  food  supply. 

Since  Igs  beetles  characteristically  build  up  high  populations  in 
slash  and  logging  debris,  Struble  and  Hall  (1955)  suggest  that  logging 
operations,  including  thinning  and  land  clearing,  be  done  from  July  15 
through  the  winter.  They  also  suggest  utilizing  logs  to  an  8-inch  top 
diameter  which  would  reduce  surface  areas  for  engraver  broods  by  more 
than  50  percent.  Lopping  and  scattering  the  remaining  slash  to  expose 
as  much  bark  area  as  possible  to  solar  radiation  will  further  reduce 
the  bark  area  available  to  Ips  broods. 


(1964)  developed 


with  A.  elongatus  produced  70  percent  less  brood.  Infected  beetles 

inches  for  uninfected  females.  In  addition,  Massey  (1965)  found  that 
the  egg-laying  potential  of  _I.  lecontei  was  reduced  50  percent  when  the 

Niokle  (1963)  found  up  to  7,500  eggs  and  larvae  of  A.  elongatus  in  one 
female  I.  confusus.with  a resultant  loss  of  fat  cells  and  destruction 
of  epithelial  tissue  of  the  host  beetle. 

Although  biological  control  is  important  in  reducing  Ips  popula- 
tions under  natural  contitions,  there  are  no  records  of  Ids  epidemics 
controlled  by  biological  control  agents  alone. 

Hetrick  and  Moses  (1953)  tested  eight  chemicals  and  a mixture  of 
two  on  stacked  pine  pulpwood  to  prevent  Ips  and  cerambycid  injury.  They 

tested  four  chemicals  against  D.  brevicomis  and  I.  lecontei.  Lindane 

toxaphene.  Lyon  (1959)  also  found  lindane  to  be  toxic  to  I.  confusus 
and  he  prepared  a set  of  directions  for  its  use  (Lyon,  1960). 

Massey  (1960b)  treated  745  green  ponderosa  pines  in  New  Mexico  with 
a 2 percent  emulsion  of  DDT  at  the  end  of  May  and  the  middle  of  July; 

286  trees  were  left  untreated.  In  September,  103  untreated  trees  were 
killed  by  D.  brevicomis  (-  barberi  Hopk. ) and  only  three  of  the  treated 
trees.  Hetrick  (1957)  treated  slash  pine  logs  with  Sevin  SOW  and 
Delnav  25W,  two  new  chemicals.  Sevin  WP  applied  at  concentrations  of 
0.1,  0.2,  0.4,  and  0.8  percent  protected  the  logs  from  scolytid  and 


cerambycid  injury  for  approximately  six  weeks;  Delnav, 


Bark-penetrating  fumigant  sprays  have 


effective  it 


killing  bark  beetles  and  their  broods  beneath  the  bark  of  infested 
trees.  Massey  et  al.  (1953)  found  water  emulsions  of  ethylene  dibromide 
effective  in  killing  D.  ponderosae  in  standing  trees.  Kinghom  (1955) 
tested  emulsions  of  orthodichlorobenzene,  ethylene  dibromide,  DDT,  and 
chlordane  at  the  rate  of  0.8  pounds  of  active  ingredient  per  5 U.  S. 
gallons  of  emulsion  containing  20  percent  fuel  oil  against  adults  and 
young  larvae  of  1.  interpunctus  (Eichh.).  DDT  and  chlordane  killed 
parent  adults,  but  mortality  of  the  progeny  was  negligible  for  all 
treatments.  However,  he  found  emulsions  of  ethylene  dibromide,  aldrin, 
heptachlor,  lindane,  and  dieldrin  at  3.2  pounds  active  per  5 U.  S. 
gallons  of  emulsion  effective  against  D.  ponderosae  (=  monticolae  Hoplt.). 
Struble  and  Hall  (1955)  recommend  toxic  penetrating  oil  applications 
consisting  of  1 part  ortho  dichlorobenzene  to  6 parts  -stove  oil"  or 
diesel  fuel  or  1.5  pounds  ethylene  dibromide  to  5 
killing  I.  confusus. 


gallons 


MATERIALS 


METHODS 


The  major  part  of  these  investigations  w< 
ponderosa  pine  type  on  the  Prescott  National  Forest,  Prescott,  Arizona, 
and  in  the  Forest  Insect  Laboratory  of  the  USDA,  Rocky  Mountain  Forest 

New  Mexico,  from  1959  to  1961. 

1)  Laboratory  Studies 

2)  Field  Studies 

3)  Chemical  Control 


Pure  colonies  of  2-  lecontei  were  reared  in  the  laboratory  in  orde: 

development,  and  the  fecundity  of  l.  lecontei  under  controlled  condi- 
tions. The  larvae  of  Ips  spp.  are  difficult  to  separate  from  other 
scolytids  and  field  collections  of  l.  lecontei  larvae  often  include 
larvae  of  other  species. 


Life  stages  and  galleries 

Ten  18-inch  freshly  cut  ponderosa  pine  bolts  approximately  4 inches 
in  diameter  were  waxed  on  both  ends  to  conserve  moisture  and  placed  in 
five-gallon  metal  cans,  two  bolts  to  a can.  The  cans  rare  placed  in  a 
rearing  cabinet  at  75F,  75  percent  R.H.  Fifty  unsexed,  unmated  I. 


peeled  off  tl 


At  weekly  intervals  or  less,  a 2-inch  strip  of  bark  was 
e bolts  and  the  ips  progeny  collected.  The  stage  of 

In  addition,  30  larvae  were  reared  individually  in  10  ec  shell 
vials  stoppered  with  cotton.  A sluny  of  fresh  inner  ponderosa  pine 
bark  was  prepared  by  chopping  50  grains  into  small  pieces,  adding  50 
grams  of  distilled  water  and  2 grams  of  sodium  borate  to  inhibit  mold. 
The  mixture  was  placed  in  a Waring  blender  and  beaten  into  a paste. 
Excess  water  was  permitted  to  evaporate  rather  than  be  squeezed  out 
since  the  larvae  did  not  survive  in  the  squeezed-dried  medium.  When 
water  did  not  drip  from  a hand-held  sample,  the  medium  was  refrigerated 
until  used.  Individual  eggs  were  placed  in  a vial  filled  with  rearing 
medium  which  was  changed  every  two  days  since  it  quickly  dried.  When 
fresh  medium  was  added,  the  old  medium  was  examined  for  molted  head 
capsules.  Washing  the  discarded  phloem  with  water  aided  in  locating  the 
capsules.  Usually  only  the  mandibles  remained;  the  rest  of  the  molted 

Several  attempts  were  made  to  observe  gallery  construction  and 
mating  behavior  by  enclosing  8-by  8- inch  sections  of  inner  bark  between 
sheets  of  glass  similar  to  the  method  used  by  Bedard  (1933)  and  Hopping 
(1961).  Celluloid,  used  in  place  of  glass,  was  unsatisfactory.  Gallery 

the  boring  dust  produced  by  the  beetles  obscured  observations. 

Celluloid  facilitated  rapid  removal  and  cleaning  of  the  dust,  but  the 

celluloid  opaque. 


The  total  number  of  eggs  produced  by  individual  females  was 
determined  by  counting  the  egg  niches  along  the  galleries  of  I.  lecontei 
reared  in  the  laboratory  and  from  naturally  produced  galleries  in  the 

These  galleries  were  excavated  by  new  adult  females  who  were  permitted 
to  complete  their  galleries. 

The  field  data  were  obtained  by  counting  the  number  of  eggs  in  each 
gallery  in  naturally  infested  trees  and  also  the  number  of  eggs  laid  by 
those  same  beetles  when  they  re-emerged  to  make  new  galleries.  The 
re-emerging  parent  beetles  were  trapped  in  wire  screen  cages  (Figure  3) 
and  placed  in  groups  of  10,  3 males  and  7 females,  into  10  muslin  sacks, 
each  containing  an  18-inch  bolt  of  pine.  Dr.  C.  L.  Massey  found  that 
IPS  beetles  rarely  attempted  to  leave  muslin  sacks  containing  pine 
bolts,  and  readily  attacked  the  bolts.  Humidity  was  maintained  in  the 
field  by  daily  moistening  of  the  sacks. 

At  the  end  of  15  days  when  the  galleries  were  completed,  but  before 
the  new  larvae  could  obliterate  the  gallery  pattern  with  their  feeding, 
the  bolts  were  peeled  and  the  number  of  egg  niches  produced  by  the  adult 
beetles  was  counted.  Where  the  egg  niches  had  been  destroyed  larval 

unhatched  eggs. 

The  parent  adult  beetles  were  re-collected  and  the  survivors,  a 
total  of  21,  were  placed  in  a muslin  sack  containing  two  18-inch  bolts 


Figure  3:  Screen  cages  on  pole  sized  ponderosa 

pines  infested  with  Ips  lecontei. 


The  egg-laving  ability  of  unmated  females 

In  order  to  determine  if  new  females  habitually  mated  before 
beginning  their  dispersal  flight,  a series  of  tests  were  conducted 
involving  three  groups  of  1.  lecontei  adults:  1)  males,  2)  newly 
pupated  females  that  could  not  possibly  have  mated,  and  3)  emerging 
females  collected  in  screen  cages  as  they  emerged  normally.  In  these 
tests,  beetles  in  group  2 will  be  called  "unmated"  and  those  in  group 
3,  "emerged."  The  unmated  group  were  placed  in  small  tins  with  phloem 
to  completely  harden  for  one  week  before  being  used.  The  unmated  fe- 
males were  used  as  an  operative  control  to  the  emerged  group  in  case  of 
the  possibility  of  parthenogenesis.  A type  of  parthenogenesis  has  been 
found  in  other  Ips  spp. , but  never  in  species  closely  related  to  I. 
lecontei  (Lanier  and  Oliver,  1966). 

The  host  material  used  in  each  test  was  five  18- inch  bolts  of  fresh 
ponderosa  pine.  Two  artificial  nuptial  chambers  were  cut  into  each  bolt 
and  the  bolts  were  placed  individually  in  muslin  sacks  in  the  field  at 
Prescott,  Arizona. 

Test  1 - In  the  first  test  10  pairs  of  unmated  and  10  pairs  of 
emerged  beetles  were  used.  They  were  placed  by  hand  into  the  artificial 
chambers - 

Test  2 - The  same  number  of  unmated  and  emerged  beetles  were  used 
as  were  used  in  the  first  test,  but  in  addition,  5 nuptial  chambers 
contained  a male^each  with  2 unmated  females.  The  beetles  were  confined 
to  the  nuptial  chambers  by  10  cc  shell  vials  held  in  place  with  modeling 


Studies 


Geographical  distribution 

During  the  summer  of  1960,  a collecting  trip  was  made  through  the 
ponderosa  pine  type  of  Arizona  and  New  Mexico  to  delineate  the  range 
of  J.  lecontei  in  the  United  States.  Collections  were  made  of  Ips  spp. 
from  all  pines  showing  fading  foliage.  Collection  records  wore 
gathered  from  the  Forest  Insect  Laboratories  at  Berkeley,  California; 
Missoula,  Montana;  Portland,  Oregon;  Fort  Collins,  Colorado;  and 
Albuquerque,  New  Mexico;  and  the  general  range  of  hosts  of  I.  lecontei 
was  established.  Additional  information  came  from  Dr.  T.  0.  Thatcher, 
Colorado  State  University;  Dr.  S.  L.  Wood,  Brigham  Young  University;  and 

Research  Branch,  Beltsville,  Maryland. 

Locating  infested  trees 

The  field  study  was  begun  in  early  May,  1959,  by  caging  trees  newly 
infested  by  I.  lecontei.  Newly  infested  trees  were  located  by  surveying 
the  ponderosa  pine  forest  for  pines  with  fading  foliage  or  reddish 
boring  dust  on  the  bark  (Figure  4).  Boring  dust  consists  of  shreds  of 
phloem  (with  some  xylem)  plus  excrement  pushed  out  of  the  entrance  holes 
as  the  beetles  construct  their  galleries.  The  dust  lodges  behind  bark 
scales,  entrance  holes,  and  in  spider  webs  on  the  tree.  Dust  was  often 
difficult  to  see,  especially  when  the  beetles  had  infested  the  top  of  a 
tree,  but  by  keeping  trees  between  the  surveyor  and  the  sun  and  striking 
them  sharply  with  a hand  axe,  clouds  of  boring  dust  were  dislodged  and 
easily  seen  from  the  ground.  This  system  worked  well  even  in  locating 
top-infested  trees  up  to  16  inches  D0II1. 


1.  DBH  is  a forester’s  term  for  the  diameter  of  a tree  at  breast 
height  or  4.5  feet  from  the  ground. 


Figure  4:  Appearance  of  Ins  Xecontei  boring 
dust  on  cut  pine.  (Limbs  removed). 


the  foliage 


When  I.  lecontei  has  successfully  infested  a tree, 

"fades"  through  several  colors  until  it  dies.  Notes  were  token  on  the 
degree  of  fading  of  the  groups  of  infested  trees  studied  as  the  Ips 
brood  progressed.  Thus,  the  state  of  development  of  the  Ips  brood  with- 
in the  tree  could  be  determined  by  aerial  or  ground  surveys. 

Number  of  generations  and  flight  periods 

When  an  infested  group  of  trees  was  located,  they  were  blazed  with 
a hand  axe  and  numbered  on  the  exposed  wood  with  a wax  pencil.  Wax 
pencil  marks  remained  visible  for  over  one  year.  A sample  of  bark  was 
removed  from  the  infested  area  and  examined  to  bo  sure  that  the  tree  was 
newly  infested  by  I.  lecontei.  Another  series  of  bark  samples  were 
taken  to  determine  the  lowest  point  of  the  infested  bark  area  and  the 
bottom  of  a wire  screen  cage  was  affixed  to  this  point  (Tables  1,  2,  and 
3). 

The  cages  used  were  similar  to  those  used  by  Massey  (1961)  during 
his  studies  of  the  southwestern  pine  beetle.  To  construct  the  cage6,  a 
ring  from  a pint  Mason  jar  was  soldered  to  the  bottom  of  a section  of 
16-mesh  galvanised  wire  screen  approximately  6 feet  high  and  3 feet 
wide. 

A 1-inch  strip  of  bark  was  removed  from  the  infested  trees  around 
the  edges  of  the  cages  so  that  the  cages  could  be  nailed  or  stapled 
directly  to  bare  wood  and  thus  prevent  the  beetles  from  escaping  by 
burrowing  out  from  under  the  edges.  The  size  of  the  cages  was  modified 
with  tin  snips  in  the  field, depending  on  the  size  of  the  infested  tree. 
Some  of  the  infested  portions  of  the  trees  were  high  off  the  ground, 
necessitating  the  use  of  an  aluminum  ladder  or  climbing  irons  in  order 
to  affix  the  cages.  For  example,  the  lowest  point  of  the  highest  cage 
was  12.7  feet  from  the  ground  (Figure  5). 


pint  Mason  jar  was  attached  to  the  cage.  Tima,  infested  bark,  varying 
in  area  from  3.1  to  11.6  square  feet,  was  enclosed  in  a wire  cage  with 
a "funnel"  at  the  bottom  emptying  into  the  Mason  jar  (Figures  3 and  6). 
Unless  live  insects  were  needed  for  study,  the  Mason  jars  were  filled 
with  water  to  prevent  the  emerging  insects  and  their  predators  from 

At  weekly  intervals  the  Mason  jars  were  removed,  the  contents 
poured  into  a tropical  fish  dip  net,  and  the  insects  collected  were 

permitted  the  capture  of  minute  insects  that  would  otherwise  pass  through 
16-mesh  screens.  The  specimens  of  I.  lecontei  that  emerged  were  counted 

2)  callow  adults  (the  progeny  of  the  parent  adults).  The  callow  adults 
were  at  least  partly  yellowish-brown. while  the  parent  adults  were 

peak,  newly  infested  trees  were  located  and  the  above  procedure 
repeated.  Thus,-  the  number  of  generations  was  determined  from  the  time 
the  last  snows  left  the  pine  forest  until  the  following  spring. 

In  addition,  all  associated  insects  were  collected,  counted, 
cataloged,  and  sent  to  Washington  for  identification.  Observations  were 
also  made  on  associated  insects  in  order  to  determine  if  they  were 

was  abandoned.  Instead,  a general  scouting  of  the  Prescott  National 


Forest  was  done  weekly  beginning  in  April  to  determine  when  the  first 
standing  trees  were  attacked. 

Window  traps  as  described  by  Chapman  and  Kingbom  (1955)  were  also 
used  to  try  to  determine  flight  periods.  Five  24-by  24-inch  panes  of 
glass  were  set  in  wooden  frames  and  hung  over  a trough  containing 
water.  The  troughs  were  examined  at  9:00  AH,  12:00  N,  and  5:00  PM 
daily  when  beetles  began  to  emerge  into  the  screen  cages.  At  other 
times  the  Ips  caught  in  the  troughs  were  counted  every  evening.  The 
window  traps  were  placed  in  position  on  June  20  and  removed  on  August  3. 

An  ultraviolet  and  a white-light  trap  were  placed  in  the  pine 
forest  to  see  if  I.  lecontei  could  be  attracted  and  seasonal  flight 
patterns  determined.  To  be  sure  that  there  were  2-  lecontei  in  the 
vicinity,  20  8-foot  logs  were  cut  and  scattered  around  the  traps.  Each 
trap  had  two  40-watt  fluorescent  bulbs  suspended  over  a baffle  of  sheet 
metal  which  in  turn  was  suspended  over  a funnel  emptying  into  a Mason 
jar  of  alcohol.  Collections  were  made  daily  for  10  weeks. 

The  life  cycle  in  the  field  was  determined  by  sampling  infested 
trees  and  logs  that  were  attacked  at  the  same  time  as  the  caged  trees 
(Figure  7).  By  removing  rings  of  bark  from  these  trees  at  three-to 
five-day  intervals,  the  stage  of  development  of  the  brood  within  the 
caged  trees  could  be  estimated.  The  population  development  in  these 
infested  trees  served  as  a check  on  the  effects  of  the  wire  cages  on 


length  of  the  cycle. 


r 


a few  trees  available  for  study,  two  of  the 

At  the  beginning  of  the  Generation  ill,  20  trees,  B to  10  inches 
DBH,  were  girdled  by  cutting  through  the  bark  to  the  sapwood  in  an 
attempt  to  attract  the  progeny  of  Generation  II. 

Chemical  Control 

The  two  main  objectives  of  the  chemical  control  studies  were  to 
1)  determine  whether  DDT,  lindane,  or  Sevin  made  the  most  effective 
residual  spray  for  preventing  I.  lecontei  and  _I.  plastographus  from 
infesting  cut  logs,  and  2)  test  the  relative  effectiveness  of  three 
water  emulsions  of  bark-penetrating  fumigants:  ethylene  dibromide, 

never  been  tested  against  Ins  beetles. 


In  the  residual  spray  trials  the  insecticides  tested  were  DDT  EC 
at  0.5,  1.0,  and  2.0  percent;  lindane  EC  at  0.25,  0.5,  and  1.0  percent, 
and  Sevin  EC  at  0.25,  0.5,  and  0.1  percent.  Sevin  WP  was  tested  at  1.0 
percent.  All  treatments  were  replicated  five  times  in  each  of  two 
experiments.  The  first  was  conducted  during  1960,  a year  of  high  Ips 
populations,  the  second  during  1961,  a year  of  low  Ips  activity.  In  the 

Since  Ips  beetles  will  infest  slash,  a total  of  55  6-foot  logs,  4 to 
6 inches  in  diameter,  were  cut  and  strewn  around  the  forest  floor  In  the 
first  test  (Figure  8).  Randomly  selected  logs  were  treated  with 
compressed  air  garden  sprayers;  5 logs  were  left  as  checks.  The  logs 


Figure  8:  Green  logs  cut  for  residual  spraj 


were  examined  daily  for  the  first  35  days,  then  weekly.  A log  was 
considered  attacked  at  the  first  sign  of  boring  dust. 

In  order  to  determine  if  the  attacking  beetles  had  survived  to 
construct  their  galleries,  four  6-inch  square  bark  samples  (1  square 
foot)  were  cut  from  the  top,  each  side,  and  the  bottom  surface  of  each 
log  14  days  after  the  first  boring  dust  was  noted  (Figure  9).  A 
special  tool  was  constructed  for  cutting  the  squares  (Figure  10). 

Beetles  were  collected  in  the  hollow  handle. 

Bark-penetrating  fumigants 

In  the  test  of  the  three  bark-penetrating  fumigants,  ethylene 
dibromide  (EBB)  was  chosen  because  of  its  proven  effectiveness  against 
other  bark  beetles.  Fumazone  (1,  2-Dibromo-e-chloropropane)  was 
suggested  by  Dr.  J.  A.  Beal,  Director,  Forest  Insect  Research,  United 
States  Forest  Service,  because  its  boiling  point  is  340.5F  as  compared 
with  268. 5F  for  EDB  and  its  freezing  point  is  30F  as  compared  with 
48.7F  for  EDB.  All  were  mixed  at  the  rate  of  2 pounds  active  ingredient 
plus  8 ounces  of  emulsifiers  Triton  X-151  and  Triton-171  and  fuel  oil  to 
make  1 gallon.  This  mixture  was  added  to  4 gallons  of  water  to  make 
5 gallons  total  mix. 

Standing  trees  infested  with  2-  lecontei  were  felled  and  bucked 
into  6-foot  logs.  Eight  logs  were  treated  with  each  fumigant!  8 were 
left  untreated  as  checks.  Twenty  days  later  four  6-inch  squares  of  bark 
were  cut  from  each  log  and  living  and  dead  lps.  predatory  larvae,  and 
wood  borer  larvae  wore  counted.  In  addition,  the  bark  thickness  of  each 
sample  was  measured. 


Figure  10:  A log  sprayed  with  a residual 
spray  sampled  on  four  surfaces  to  determine  success 
of  Ips  lecontei  attack.  Note  sampling  tool. 


RESULTS  AND  DISCUSSION 

Laboratory  Studies 
Description  of  stages  and  galleries 

The  eggs  of  I.  lecontei  are  oval,  glossy-white  with  no  external 
markings  or  ornamentation.  They  measure  slightly  less  than  O.S  no  wide 
and  almost  1.0  mm  long.  They  are  deposited  in  individual  niches  chewed 
by  the  female  in  the  egg  galleries.  In  the  laboratory  the  eggs  hatched 
in  approximately  four  days. 

The  larvae  are  white,  scarabaeiform,  with  light-brown  bead 
capsules.  They  grow  through  three  instars  as  indicated  by  the  measure- 
ment of  head  capsules  (Figure  11),  by  the  observation  of  newly  molted, 
white-headed  larvae,  and  by  the  counting  of  shed  head  capsules.  The 
first  instar  rarely  exceeds  three  days.  The  rearing  method  was  not 
adequate  to  determine  the  duration  of  the  other  two  larval  instars. 

Reid  (1955)  and  Wilkinson  (1963)  also  found  throe  instars  in  five  other 
i£s  spp. 

When  the  larvae  hatch  they  feed  gregariously  in  groups  until  the 
community  feeding  space  is  1 to  3 cm  from  the  egg  gallery.  Then  they 

When  nearly  mature,  the  larvae  are  approximately  6 mm  long.  At 
this  time  they  construct  pupal  cells  in  the  phloem  and  enter  a prepupal 
stage  where  they  straighten  out  and  lose  their  characteristic  C-shape. 

Under  laboratory  conditions  the  larval  stage  lasts  approximately 


Figure  11.  Widthe 


The  pupae  are  white,  approximately  5.5  mm  long,  darkening  gradually 
beginning  with  eyes  and  mandibles  to  a light  brown  as  they  metamorphose 
into  adults.  The  pupal  stage  required  approximately  four  days  under 

Callow  adults  are  light  brown  darkening  as  they  mature  to  black. 

The  venter  of  the  abdomen  is  the  last  part  of  the  body  to  blacken  and 
newly  emerged  adults  can  be  separated  from  their  parents  by  this  color 
difference.  The  callow  adults  are  externally  identical  to  their 
parents,  including  secondary  sex  characteristics. 

The  adult  beetles  are  4.0  to  5.0  mm  in  length  and  have  been 
described  in  detail  by  Hopping  (1965).  The  largest  two  specimens 
examined,  both  females,  were  0.2  mm  larger  than  the  4.8  mm  size  limit 

The  sex  ratio  of  newly  emerged  callow  adults  is  approximately  1:1. 
In  a sample  of  1,250  callow  adults  there  were  642  males,  608  females. 
However,  like  other  Ins  spp.,  i_.  lecontei  is  normally  polygamous.  A 
total  of  65  nuptial  chambers  from  11  trees  had  203  radiating  egg  gal- 
leries; an  overage  of  3.1  galleries  (females)  per  male. 

Hood  (1962b)  and  Gara  (1963)  attempted  to  explain  the  loss  of  males 
by  the  differences  in  the  ability  of  the  sexes  to  locate  males  making 

male  pheromone  over  longer  distances  than  do  males.  The  attacking 
males  also  expose  themselves  to  predation  for  longer  periods  than  do 

The  entire  life  cycle  of  I.  lecontei  at  75F,  75 
approximately  32  days  (Table  4). 


Hales  prepare  nuptial  chambers. 
Females  begin  egg  galleries. 

Egg  galleries  2.5  to  2.8  in. 
long.  Larvae  feeding  gre- 
gariously. 1st  eggs  hatched. 


upate. 


‘nearSpupafcJ"l’. 


emerging 


central  nuptial  chamber  excavated  in  the  phloem  by  the  male  (Figure  12). 
Occasionally  the  chamber  grooves  the  xylern.  The  galleries  generally  run 

individual  female  so  that  the  xylem  is  grooved  for  almost  a third  of  the 
diameter  of  the  gallery.  The  galleries  are  kept  clean  of  boring  dust  by 
the  combined  efforts  of  the  male  and  females. 

The  length  of  the  egg  galleries  is  variable.  Under  uncrowded 
laboratory  conditions  20  galleries  averaged  7.3  inches.  Frequently,  a 
gallery  1 inch  or  less  in  length  is  excavated  by  the  male,  possibly  for 

9.6  inches.  The  longest  gallery  measured  extended  3 feet  2 inches  from 
the  nuptial  chamber. 

Egg  niches  are  found  on  either  side  of  the  gallery,  often  in  groups 
of  10  to  12.  When  two  galleries  closely  parallel  each  other,  eggs  are 
laid  mainly  on  the  outer  edge  of  each  gallery. 

Fecundity 

Under  laboratory  conditions  34  mated  females  of  I.  lecontei  that 
constructed  egg  galleries  laid  from  17  to  110  eggsj  overage  60.  No 
dissections  were  made  to  determine  the  extent  of  nematode  infection  which 
reduces  the  number  of  eggs  a beetle  can  lay. 

In  the  field,  females  laid  1,659  eggs  in  256  inches  of  gallery  or 
6.5  eggs  per  inch.  Since  the  average  egg  gallery  under  natural  condi- 
tions is  close  to  10  inches  long,  the  female  lays  approximately  65  eggs. 

The  egg  galleries  of  ro-emorging  parents  are  approximately  the  same 
length  although  a direct  comparison  is  difficult  since  the  re-emerged 
adults  were  placed  in  freshly  cut  bolts  within  muslin  sacks.  Of  42 


Figure  12:  typical  egg  gallery  of  Igs  lecontel 

Pencil  points  to  nuptial  chamber. 


galleries  observed,  there  was  only  an  average  of  21  eggs  laid.  Only 
21  beetles  re-emerged  for  the  second  time,  but  they  died  without 
constructing  their  third  gallery. 

The  egg  laving  ability  of  unmated  females 

Test  1 - In  the  first  test  no  males  were  supposed  to  be  present. 

All  20  unmated  callow  females  placed  in  artificial  nuptial  chambers  left 
them  immediately.  Eight  of  the  20  crawled  to  the  lower  end  of  the  bolt 
and  made  galleries  averaging  l.S  inches.  No  attempt  was  made  to  lay 

bolt.  Dissection  after  two  weeks  showed  eggs  to  be  present  in  all  live 
females. 

The  females  collected  as  emerging  callows  acted  similarly.  Only 
six  of  20  beetles  excavated  galleries  and  two  of  those  chose  the  cut 
phloem  surface  at  the  upper  end  of  the  bolt  to  begin  galleries  even 
though  the  ends  were  waxed.  Galleries  were  short,  averaging  1.0  inch. 

An  error  in  sexing  permitted  a male  to  be  introduced  to  a bolt 
containing  three  females.  The  male  constructed  a new  nuptial  chamber 
where  a limb  had  been  removed  from  the  bolt.  The  three  females  joined 
him  and  excavated  normal  egg  galleries.  At  the  end  of  two  weeks  they 

Test  2 - When  the  females  were  confined  to  the  artificial  nuptial 
chamber  by  placing  them  in  10  cc  shell  vials  fastened  to  the  nuptial 
chamber  with  modeling  clay,  all  but  three  excavated  short  chambers,  but 
none  laid  eggs.  Of  the  five  pairs  of  females  placed  with  males  three 
individuals  died,  but  the  rest  made  normal  galleries  and  laid  eggs. 


Test  3 - The  unnoted  females  had  to  be  discarded  from  this  test 
because  two  males  were  found  in  the  tins  in  which  they  were  maturing. 

The  normally  emerged  callow  females  again  made  short  galleries,  but 
laid  no  eggs.  This  time  seven  of  the  20  beetles  died  in  the  vials, 
probably  because  they  could  not  move  into  the  bolt  from  the  slippery 
glass  surface. 

These  tests  indicated  that  newly  emerged  females  do  not  mate  before 
the  dispersal  flight.  Mating  is  apparently  required  for  egg  deposition, 
although  eggs  are  formed  in  virgins.  The  juxtaposition  of  a male  might 
stimulate  unmated  females  to  deposit  eggs,  but  this  was  not  tested. 


d Studies 


pine  in  Arizona.  Either  the  scolytids  of  Mexican  and  Central  American 
pines  have  been  poorly  collected  or  _X.  lecontei  is  not  an  important  pest 
south  of  the  United  States. 

At  no  time  during  this  study  was  the  closely  related  _I . confusus 

host  in  California.  Instead,  _I . confusus  confines  its  attacks  to  pinyon 
in  Arizona  and  New  Mexico. 

I.  oini  becomes  the  principal  Ips  in  ponderosa  pine.  Strangely,  _I . pini 
was  never  taken  from  pines  infested  by  I.  lecontei.  although  it  was 
common  in  dying  ponderosa  pines  in  New  Mexico. 

Figure  13  shows  the  geographical  distribution  of  I.  lecontei 
compiled  from  many  sources,  but  particularly  from  Hopping  (1965).  The 
distribution  of  host  trees  is  from  Critchfiold  and  Little  (1966). 


Flight  periods 


generations 


The  first  generation  of  _I.  lecontei  begins  when  the  beetles  leave 
the  trees  in  which  they  have  been  overwintering  and  infest  slash,  wind- 
thrown  trees,  or  standing  trees  severely  weakened  or  dead.  The  over- 
wintering beetles  never  attacked  and  killed  green  standing  pines  in 
their  first  spring  flight  during  the  three  years  of  this  study. 
Apparently,  the  o.e.p.  of  pine  in  the  spring  is  rarely  low  enough  to 
permit  successful  attacks.  The  first  attacks  were  made  between  April  10 
and  30  during  the  first  two  years  at  Prescott,  Arisons.  In  one  case  a 
group  of  pole-sized  pines  (average  9.4  inches  DBH)  was  infested  by  I. 
lecontei.  The  pines  had  been  severely  defoliated  the  year  before  by 
Pityopthorus  sp.  mining  the  twigs.  In  addition,  cerambycid  larvae  were 
actively  mining  in  the  wood,  indicating  that  the  pines  had  been  weakened 
or  dead  for  at  least  a year. 

Ten  trees  of  the  infested  group  were  caged  on  May  19,  the  cages 
covering  104.3  square  feet  of  bark  (Table  1).  By  June  1-18,  most  of 
the  parents  had  emerged.  Their  progeny.  Generation  I,  were  in  late 
larval  and  pupal  stages.  The  parents  attacked  apparently  healthy  trees 
and  began  a second  brood.  The  new  adults  of  Generation  I reached  a peak 
of  emergence  on  July  8 and  by  July  29  had  almost  completely  deserted  the 
trees.  The  progeny  are  strongly  attracted  to  trees  newly  infested  by 
their  parents  and  habitually  fill  in  uninfested  bark  area  on  their 
parents'  host  trees  or  in  nearby  trees. 

From  July  24  to  27,  a total  of  93.8  square  feet  of  bark  was  caged 
on  16  infested  trees  (Table  2).  There  were  two  peaks  of  emergence  of 
new  callow  adults  (Generation  II)  from  these  trees;  one  on  August  12, 
and  a second  on  August  30.  These  peaks  corresponded  to  the  emergence  of 


the  progeny  of  the  re-attacking  parents  that  had  overwintered  and  the 
progeny  of  Generation  I.  Again  there  was  a re-emergence  of  parent 
adults  and  again  their  new  attacks  became  the  focal  point  of  now 
infestations. 

By  August  10,  the  foliage  of  the  pines  infested  July  8 was  begin- 
ning to  "fade."  First  the  foliage  turned  to  a pale  green,  then  to  a 
yellowish-green  (Figure  14),  and  finally  to  a "sorrel"  or  reddish-brown. 
Since  the  numbers  of  emerging  callow  adults  peaked  a few  days  after 
fading  was  noticeable,  fading  foliage  does  not  usually  make  a good 
indicator  for  ground  crews  spotting  infested  trees  for  chemical  control. 
However,  the  emerging  beetles  frequently  attack  uninfested  bark  on  the 
same  trees  in  which  they  developed,  so  it  is  possible  for  I.  lecontei  to 
be  present  in  faded  trees. 

For  two  years  the  middle  of  August  was  the  earliest  date  fading 
foliage  began  to  show  up  on  the  Prescott  national  Forest.  Aerial 
surveys  should  not  be  made  any  earlier. 

On  August  27,  16  additional  newly  infested  trees  were  caged  covering 
105.4  square  feet  of  bark  area  (Table  3).  Most  of  the  brood  emerged 
from  October  to  November  3,  well  after  the  advent  of  cold  weather  made 
new  attacks  improbable.  The  progeny  continued  to  leave  these  trees  on 
warm  days  to  December  3. 

When  4 square  feet  of  infested  bark  area  outside  the  cages  was 
examined  in  January,  only  16  beetles  were  found  overwintering.  For  two 
years,  trees  containing  beetles  in  November  had  few  or  none  by  the  end 
of  the  winter.  Chansler  (1964),  however,  found  populations  as  high  as 
129  I.  lecontei  per  square  foot  overwintering  in  the  boles  of  infested 
ponderosa  pine  in  which  they  had  developed.  Some  of  these  beetles 


since  the  highest  density 


probably  congregated  from  other  host  trees 
recorded  during  the  sunnier  generations  was  slightly  over  55  beetles 


IPS  leoontei,  therefore,  goes  through  three  complete  generations 
each  year  in  the  Prescott,  Arizona  area.  The  life  cycle  data  obtained 
from  the  cages  and  from  examining  infested  trees  outside  the  cages  are 


Window  traps,  set  up  to  determine  seasonal  and  diurnal  flight 
periods,  did  not  prove  practical.  Too  few  _I.  lecontei  were  trapped  to 
make  any  but  the  most  casual  observations  on  flight  patterns.  In 
general,  this  species  was  rarely  collected  until  early  afternoon.  Night 
temperatures  would  drop  to  50F  or  below  although  by  noon  air  temperatures 
would  rise  to  70F  or  higher.  When  examining  cut  logs  for  new  attacks 
during  the  insecticide  trials,  few  J_.  lecontei  attacks  were  found  before 


Ips  lecontei  was  never  collected  in  either  the  white  or  ultraviolet 
light  trap.  The  20  logs  scattered  around  the  traps  became  infested,  but 
either  light  was  not  attractive  or  night  temperatures  were  too  low  to 
allow  Igs  flight. 

The  attractiveness  of  girdled  and  lopped  standing  trees 

None  of  the  cut  stumps  or  girdled  trees  was  successfully  attacked 
by  I.  lecontei.  The  caged  beetles  died  and  the  Ips  flight  bypassed  the 
8-foot  stumps.  After  eight  weeks  the  cut  stumps  were  infested  by 
2-  plastographus  and  Hylurgops  subcostulatus  (Mann.).  The  foliage  of 
the  girdled  trees  did  not  fade  until  the  following  season.  They  were 
all  eventually  attacked  by  the  cerambycid,  Honochamus  sp.;  none  was  ever 
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DIAMETER  BREAST  HEIGHT 
( INCHES  ) 

Figure  15.  The  relationship  of  tree  diameter  to  the  lowest 
point  from  the  ground  infested  by  Xps  lecontei. 


indirectly  by 


lecontei  populations  by  predation,  parasitism,  or  more 
competing  for  space  under  the  bark.  With  one  exception,  there  appeared 
to  be  little  influence  by  natural  control  agent6. 

The  exception  was  in  the  first  generation  when  1.  loeontei  infested 
dead  standing  trees.  The  cambist  area  was  highly  populated  with  what 
appeared  to  be  overwintering  adults  of  Platvsoma  sp.,  a histerid. 

These  beetles  wore  actively  predacious  on  larvae  and  callow  adults  of 
_!•  lecontei.  Their  presence  probably  bad  a great  influence  on  the  small 
numbers  of  I.  lecontei  emerging  since  a total  of  374  Platvsoma  and  494 
I.  lecontei  were  collected  from  the  cages.  Several  times  a Platvsoma 
was  observed  capturing  and  eating  a larva  or  callow  adult  of  _I . 


When  I.  lecontei  was  attacking,  especially  from  July  to  September, 
three  species  of  clerid  beetles  were  seen  feeding  on  them.  The  largest 
and  roost  common  was  the  red-bellied  clerid,  Endoclerus  sohegeus  (Fab. ) 
Less  common  were  the  black-bellied  clerid,  E.  lecontei  Wok.,  and  E. 
moestus  (Klug).  In  spite  of  what  appeared  to  be  heavy  predation  the 
Ios  were  able  to  infest  trees  and  logs  in  large  numbers. 

Berryman  (1966)  described  the  behavior  of  E.  lecontei  attacking  D. 
brevicomis.  The  clerid  complex  observed  in  action  at  Prescott  had 


similar  habits.  Ips  lecontei  habitually  moves  rapidly  O' 
when  attacking  a tree  then  abruptly  stops  and  remains  mt 
several  minutes  before  moving  again.  When  adults  of  I.  lecontei  were 
moving  the  adult  clerids  would  frequently  attack  them,  lifting  them 
completely  off  the  bark  and  chewing  out  the  body  juices.  The  frequent 
stops  by  2*  lecontei  could  be  a defense  reaction  against  clerid  predators 
since  motionless  Ips  were  not  attacked.  Larvae  of  these  clerids  and 


attacked. 
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CHEMICAL  CONTROL 


Residual  sprays 

lccontei  and  I.  plastographus  From  attacking  the  cut  logs  For  longer 
periods  than  IF  no  insecticide  had  been  applied.  The  exception  Nas  the 
emulsifiable  Sevin,  an  experimental  Formulation,  which  has  since  boon 
dropped  by  the  manuFacturer. 

The  first  year  the  residual  sprays  were  tested  was  one  of  heavy 
Ips  infestation  and  high  pine  mortality.  The  first  treatments  were  made 
on  May  26.  Table  7 shows  the  length  of  time  the  10  chemical  treatments 
kept  the  freshly  cut  logs  free  of  Ips  attacks.  The  1.0  percent  Sevin  WP 
was  obviously  superior  to  all  other  treatments  since  none  of  the  five 
treated  logs  became  infested. 

The  logs  that  became  infested  were  examined  14  days  after  the  first 
boring  dust  was  observed  in  order  to  see  if  the  attacking  Ips  survived 
after  tunneling  through  the  treated  bark.  Of  the  five  logs  treated  with 
1.0  percent  lindane  EC  two  became  infested  at  an  intensity  of  two  attacks 
per  square  foot,  but  none  of  the  attacking  beetles  survived  to  make  egg 
galleries  (Table  8). 

Tile  next  year  I.  lecontei  populations  were  low.  The  experiment  was 
repeated  and  a 2.0  percent  DOT  WP  was  added  since  Hie  Sevin  WP  showed 
such  superior  results  to  the  Sevin  water  emulsions. 

Table  9 shows  that  three  of  five  and  four  of  five  logs  treated  with 


d d 


Inches  of  Ips  galleries  and  numbers  of  mating  chambers  In  logs 
treated  with  DDT,  lindane,  and  Sevin  while  still  green.  High 
Intensity  of  infestation. 


00*  Sevin  WP 
25*  lindane 
50*  lindane 
lindane 

1.00*  DDT 
2.00*  DDT 

Control  (Untreated) 


k-jenetrating  fumigants 

Ethylene  dibtomide  was  superior  to  both  Ncmagon  and  Fumazone,  but 
caused  satisfactory  Igs  mortality  compared  to  controls  (Table  12). 


Table  10.  Inches  of  Ips  galleries  and  numbers  of  mating  chambers  in  logs 
treated  with  DDT,  lindane,  and  Sevin  while  still  green.  Low 
intensity  of  infestation. 


0.50%  Sevin 
1.00%  Sevin 
1.00%  Sevin  WP 
0.25%  lindane 
0.50%  lindane 
1.00%  lindane 
0.50%  DDT 


Control  (Untreated) 


Results  of 
Nemagon. 


ethylene  dibromide,  Furaazone, 


Dead  Ips  Predators  Borers 


Totals  include  only  Ips  spp. 


imigants  by  Chi-Square 


B vs  C 
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SUMMARY  AND  CONCLUSIONS 

Within  its  range  in  the  United  States,  the  Arizona  five-epined  ips, 
l£B  lecontei  Swaine,  is  associated  with  almost  all  the  ponderosa  pine 
mortality  caused  by  bark  beetles.  i£S  lecontei  is  found  in  Arizona  and 
western  New  Mexico  and  ranges  south  to  Honduras,  attacking  five  species 
of  pines. 

Small-diameter  pines  are  preferred  and  attacks  on  standing  trees 
with  a 12-inch  diameter  or  larger  are  rare.  Single  trees,  and  tops  of 
large  trees  are  killed,  but  more  commonly  groups  up  to  70  are  attacked. 
Infested  trees  are  characterized  by  fading  foliage  and  boring  dust  on 

In  mid-or  late-April,when  the  adults  eirerge  from  the  trees  in  which 
they  have  overwintered,  they  confine  their  attacks  to  slash,  logging 
debris,  windthrown  trees,  or  freshly  killed  standing  trees.  The  oleo- 
resin  exudation  pressure  of  pines  in  the  spring  probably  prohibits  Ids 
infestations.  By  the  middle  of  May  the  galleries  are  will  advanced; 
eggs  and  young  larvae  are  present.  Development  is  rather  slow  because 
of  cool  weather.  Around  June  2,  the  larvae-are  almost  mature.  The 
parents  leave  their  galleries  and  fly  to  attack  new  trees  (almost 
always  green,  apparently  healthy  ones).  By  June  18,  parent  emergence  is 
complete.  Their  brood  is  callow  adult,  pupal  and  mature  larval  stages. 
By  the  end  of  June, emergence  of  the  brood  begins;  it  has  reached  a 
"peak"  by  July  8 and  is  past  its  peak  by  July  14. 


the  brood  was  definitely  attracted 


adjacent  to  those  infested  by  their  parents.  The  host  preference  of  the 
re-emerged  parents  may  be  an  important  factor  in  the  epidemiology  of  I. 
lecontei.  From  the  first  generation  on  almost  every  group  of  infested 
trees  found  during  the  summer  has  indications  of  being  infested  by  two 
or  three  separate  "flights." 

After  the  first  summer  generation  there  are  no  definite  flight 
periods.  Trees  may  be  infested  at  any  time  by  re-emerging  parent  adults 
or  their  progeny. 

Cage  records  established  two  more  complete  cycles;  one  ending  the 

last  brood  overwinters  under  the  bark. 

Tile  second  generation  requires  approximately  35  days  to  develop 
from  the  egg  to  a mature  adult,  the  same  time  as  reared  colonies  in  the 
laboratory.  The  time  of  development  in  the  field  of  the  first  and 
third  generations  is  extended  to  77  and  82  days  because  of  cool  spring 
and  fall  weather. 

The  male  attacks  susceptible  host  material  first,  constructing  a 
nuptial  chamber  in  the  inner  bark.  An  average  of  3.1  females  follow  and 
excavate  egg  galleries  radiating  from  the  nuptial  chamber.  The  female 
lays  an  average  of  approximately  65  eggs  although  some  specimens  lay 
over  100.  Unmated  females  do  not  lay  eggs. 

Valuable  pines,  such  as  those  found  around  homesites  and  camp- 
grounds, may  be  protected  with  a residual  spray  of  1 percent  Sevin  WP, 
0.5  to  1.0  percent  lindane  EC,  or  a 1 percent  PUT  WP.  Ips  under  the 
bark  of  infested  trees  may  be  killed  with  emulsions  of  ethylene 
dibromide,  Nemagon,  or  Fumasone  at  the  rate  of  2 lbs.  active  per  5 
gallons  of  mix. 


71 

The  "weak  link"  in  the  cycle  of  lecontei  that  lends  itself  to  a 
control  system  is  the  reliance  of  the  emerging  overwintering  adults  on 
cut  logs  or  dead  trees.  If  logging  debris  or  cut  trees  are  allowed  to 
remain  on  the  forest  floor  until  May,  then  treated  chemically  or  burned, 
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